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Abstract In typical array processing problems, the signal observation is a
function of the parameter set to be estimated as well as some background
system model assumed known. The modeled background could differ from the
true one, leading to biased estimates even at high signal-to-noise ratio (SNR).
To analyze this system model mismatch problem, a Ziv-Zakai-type lower bound
on the mean-square error is developed based on the mismatched likelihood ratio
test (MLRT). At high SNR, the bound incorporates the increase in mean-square
error due to estimation bias; at low SNR, it includes the threshold effect due to
estimation ambiguity. The kernel of the bound’s evaluation is the error probability
associated with the MLRT. A closed-form expression for this error probability
is derived under a data model typical of the array problem assuming random
signal embedded in random noise, both of which can be spatially correlated
and potentially mismatched. The development is applied to plane-wave bearing
estimation with array shape mismatch and matched-field source localization with
channel parameter mismatch. Examples demonstrate that the developed bound
describes the simulations of the maximum likelihood estimate well, including the
sidelobe-introduced threshold behavior and the bias at high SNR.

[11 Y. Rockah and P.M. Schultheiss, "Array Shape Calibration Using Sources in Unknown
Locations—Part I: Far-field Sources," IEEE Trans. Acoustics, Speech, and Signal
Processing, Vol. 35, pp. 286—299, Mar. 1987.
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General Parameter Estimation System Model

Signal/Noise SlgnaI/Nq|se
Source : Observation Observation
[ >| Propagation Channel ——— > System E—

P(r(0,B); 740,B)) - system probability, model
a (5): random: elhsernauen Vector

B: source/channgel/system parameter vector to be estimated

B: any. other hackground seurnce/systemy/channel parameter VECtor,
not included in 6, but embedded in r

n () collection of constant scalars; VEctors, or matrices, directly
defining the pdf;, constructed from the moements, e.g., the mean
and cevariamnce: matix

In| reality’ - p(r(8;By); 7(8,B..))

B,: true background set
B..: modeled background set

System model mismatch: B, # B;



Example Scenarios with System: Model
Mismateh

Sensor array perturbation in plane-wave Environmental model mismatch in
source bearing estimation matched-field source localization
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Typical Performance Behavior in Bearing
Estimation/Passive Source Localization
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(re Bayesian Maximum; Likelihood Estimate)

Witheut systemr moedell mismatch

n High' SNR: smallfmean:-sguare
error due ter mainlohe peak
distertien

n Intermediate SNR: significantly
Increased error due te ambiguity.
sidelenes

s Low SNR: deminated by noise,
SUbject to the a prio/ parameter
distrpution

s Perfermance analysis; tool

Cramer-Rao bheund
ZIV-Zakal heund

With' system medel mismatch

s High SNR: increased error due to
mismatch-intreduced hias

s Performance analysis tool
Pseudo Cramer-Rao bound
Modified Ziv-Zakai bound



ZIV-Zakall bound (ZZB) Is derived hased on the
prebanbility: ofi deciding| correctly: between twoe
AYPeLAESES coriesponding te twe parameter vValues:

Hy: r(f) — MO, Kr(fm’e)) e I=thy snapshot
fi: M=th fileguenCy.
Hi: n(f,) — MO, Kr(fm,9+5)) component

M) Gaussian distributien
K.: Covanance matiix
0 : parameter

Scalar parameter bounae perturbation

2 2 [,°0:(J mimlp(B),p(8+d)]-P.(8, 6+5)d6)-dd

€25 Mean-sguare error

p(B): prior parameter distribution; pdi

RL(6; B+0): minimum|achievable: prolability” of error asseciated with the
likelihooed! ratio test (LLRT)

Randem Gaussian signal embedded! i spatially-white Gaussian neise

LRT=3 __M5_ " In(E)a¢.0)]% - 3, M3t |r()a(f,,.6+5)|2

g(f.,0): channel transfer function (Greenrs function)



A modified Ziv-Zakal bound has heen
developed for performance: analysis Under
system| model mismateh

Mismatched likelihoed ratie test (VMLRT)
Zmle z|:1L IrIT(fm’ Bo)g(fm’& Bm)l2 E zmle ZI=1L IrIT(fm’ BO)g(fm’e_l-a’ Bm)l2
The modified ZZB'is given: by

&2 2 [,20-(J minlp(8),p(6+0)1:B,. (8, B+5)d6)-dd

P mis (B 6+0): minimum achievable probability’ of enror associated with the
MRS

Sguare-roeoet at high' SNR defines an upper hound for estimation bias

A clesed-fiorm expression ofi P, ...(6; 6+0) has been derived for a
general class off data model

a Multiple-freguency, multiple-snapshot
s Both signal and noise can e spatially correlated
s Both signal and noise can be potentially mismatched



Bearnng estimation mean-sguare error

Array. tilt angle: mismatched by 1~ Array. tilt angle: mismatched by 5™
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AmBbIguity filunction In bearing estimation

NG mismatch Array. tilt angle mismatched: by 5
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Matched-field methoeds achieve performance
Improvement ever the plane-wave approachi by
exploiting fiull field signal propagatien, henceforth
more sensitive ter envirenmentall mismatceh

1520 m/s
. Example
ource Receiver Array

@ environmental
== T74m .
; model in
Water Column 16 sensors SW@”EX-B

1490 m/s = 188m

o, = 0.2 dB/Km Hz
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198 m FANEZE T Source
1 \ _ 3
Sediment 1 5 ‘; Py =170 glem frequency:

294 m 1593 m/s;

1881 m/s

3 Model
s R
2= Aaron Thode
of Scripps
Inst.

p, =2.66 g/em’ Oceanography
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Global Mean-Square Error (dB re 1 m?)

Seurce range estimation with mismatched

sediment Wave-sSpeeads

MLE simulation

/-

Input Sensor-Averaged SNR (dB)

Source range: 3500
— 4750 m

Source depth: 60 m

Sediment top Wwave-
speed: 1550 m/s
(true); 1572 my/s
(medeled)

Sediment bottom
wave-speed: 1625
m/s (true); 1593
m/si (modeled)

Above SNR = 5 dB,
MLE bias = 5.7 m

At SNR = 15 dB,
bias predicted: by
ZZB = 6.4 m



Global Mean-Square Error (dB re 1 m?)

Seurce range estimation with mismatched

sediment wave-speeds (continued)

Input Sensor-Averaged SNR (dB)

SEUrCE range:

3500 — 4750 m
Source depth:

60/ m

Sediment toprwave-
speed (m/s) —
Modeled: 1572
True: (top to hetten)
14975

1512;

1526;

1547 ;

1556;

1564;

1572
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Seurce range estimation withr 1% mismatch
at Inadividual bottem parameters
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SOUFEE ramge estimate (m)

Example SWellEX-3 experimental data

pProecessing

MFP measurements
at SNR = 10 dB

Elapsed time (minute)

Averaged! offset: — 80'm

DGRS accuracy: &= 5'm

Offset fromi the GRS station to
the towed source: — tens; of
meters

Ofifset from the GPS station to
the receiver array: small

Source moeving: 6 seconds ==
~ 17/ m

Output coernrelation shews
abeut one dB mismatch 10ss
(Booth, et al., JOE, 1996);

Given one dBrcorrelation peak
degradation,, the modified ZZB
predicts a bias of — 40 m

Data proevided by PhilSchey: of
NAVY SPAWAR



Abstract -sentation " Back to TOC

A ZIv-Zakal type lower bound has been deve| @
10 analyze array. Precessing perormance Under
system moedel mismatch

s |ncerporate the Increase I mean-sguare: errer due: terestimation bias at
high; SNR

Include the threshold effect due terestimation amiguity: at lew SNR
Werk for laethl spatially-white' and correlated noise: field
Account for mismatchiin heth signalland neise propagation

Generalization available te) VEctor parameter estimation and stechastic
mismatch

EUKther ISSUes
s Simulate spatially-correlated noise application
s Investigate hew: the mismatchi affects the threshold SNR

Further reference

W. Xui, A. B. Baggeroer, and K. L. Bell, “A bound on mean-sguare
estimation errer with background parameter mismatch,” to appear ini /EEE
frans. Inionmaton. Theory, April, 2004



	Abstract button: 
	Presentation button: 
	TOC button: 
	Next button: 


